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56a Sunday, March 6, 2011a partial inhibitor, but in mammals, arginine is an activator. We used Thermo-
fluor methodology to determine if the effect of arginine on the thermal stabil-
ity of NAGS parallels its effects on NAGS activity. Addition of arginine to
bacterial NAGS, which is inhibited by arginine, resulted in a destabilized pro-
tein. Addition of arginine to the zebrafish and mouse NAGS stabilized both
proteins, despite opposing effects of arginine on their enzymatic activity.
We then used analytical gel chromatography to determine if changes in olig-
omerization state of NAGS could occur upon arginine binding. Our results in-
dicate that bacterial and mammalian NAGS appear to be ensembles of
molecules with different oligomerization states that are in rapid exchange
with each other. Upon addition of arginine, the partition coefficient of both
NAGS increased. The behavior of zebrafish NAGS was different. It eluted
as two peaks suggesting two distinct oligomerization states. Upon addition
of arginine to zebrafish NAGS the partition coefficients of both peaks de-
creased. These studies indicate that the effect of arginine on the biophysical
properties of NAGS indeed changed during evolution and suggest that the in-
version of the allosteric effect and stabilization effects of arginine on NAGS
could be linked.
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Heparin Activates PKR by Inducing Dimerization
Eric Anderson, Willythssa Pierre-Louis, C. Jason Wong, Jeffrey W. Lary,
James Cole.
The RNA activated kinase PKR plays a key role in the innate immunity re-
sponse to viral infection. PKR is induced by interferon in a latent form that
is activated by binding double stranded RNA (dsRNA) or RNAs that contain
duplex regions to undergo autophosphorylation. Activation by dsRNA is medi-
ated by PKR dimerization. PKR can also be activated by heparin, a highly sul-
fated glycosaminoglycan. PKR activation by heparin does not require the
presence of the dsRNA binding domain and heparin does not compete with
dsRNA for binding to PKR, indicating that heparin and dsRNA bind at different
sites. We have characterized the mechanism of PKR activation by heparin ol-
igosaccharides of defined sizes. The smallest heparin capable of robust PKR ac-
tivation is the hexasaccharide (dp6). PKR binding affinity is strongly dependent
on both the heparin length and ionic strength. Dissociation constants measured
in 75 mM NaCl vary from ~230 nM for dp8 to 32 uM for dp2. Sedimentation
velocity measurements using interference and fluorescence detection indicate
that dp8 binds to monomeric PKR and also increases PKR dimerization. The
velocity data fit well to a classical linkage model where heparin binding is
linked with PKR self-association with a coupling free energy of DG= 0.80
kcal/mole. Thus, both dsRNA and heparin activate PKR by enhancing dimer-
ization.Physical Chemistry of Proteins and Nucleic Acids
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Cooperativity in a Cluster of Carboxylic Groups in the Active Site
of a Protein
Brian M. Doctrow, Carlos A. Castan˜eda, Carolyn Fitch, Ananya Majumdar,
Jamie L. Schlessman, Maja Cieplak, Bertrand Garcı´a-Moreno.
The active site of staphylococcal nuclease (SNase) has a cluster of four carbox-
ylic residues, two with near normal pKa values, one (Asp-19) with a low pKa of
2.1, and one (Asp-21) with an unusually elevated pKa of 6.5. Crystal structures
provide little insight into why Asp-21 absorbs all the repulsive interactions
while Asp-19 is actually stabilized in its charged form. To examine this unusual
example of cooperativity the pKa values of Asp and Glu residues were mea-
sured using NMR spectroscopy in variants in which ionizable groups in the ac-
tive site were replaced with neutral ones. The low pKa of Asp-19 reflects
hydrogen bonds and a favorable Coulomb interaction whereas the elevated
pKa of Asp-21 reflects repulsive Coulomb interactions with the other carbox-
ylic groups in the cluster. Even in the variant where all repulsive interactions
within the cluster are eliminated, the pKa of Asp-21 is elevated relative to
the pKa of Asp in water due to its ability to act as a hydrogen bond donor in
the protonated state. The amplification of small perturbations is a hallmark
of cooperative systems and is precisely why structure-based calculations of
pKa values in clusters of ionizable groups, such as those present in the active
sites of many proteins, are extremely challenging. pKa calculations with a vari-
ety of continuum electrostatics methods using static and MD-relaxed structures
were performed to illustrate the difficulties inherent to pKa calculations in co-
operative systems, where calculations can fail owing to amplification of small
and unavoidable inaccuracies in structure and in assumptions built into the cal-
culations.291-Pos Board B91
Potential Role of Forbidden Disulfides in Zn Signalling
Dhakshinari V.K. Hulugalle, Naomi L. Haworth, Sara Ballouz, Jason Y. Liu,
Samuel W. Fan, Merridee A. Wouters.
Expulsion of Zn2þ from proteins following oxidation of ligating Cysteine
residues is an emerging area of the oxidative stress response. During a recent
data mining survey of protein structures with pairs of thiols in both reduced
and oxidized (disulfide bonded) states, we found two structural motifs re-
peatedly associated with Zn2þ binding (1). Forbidden disulfides are a canon-
ical set of disulfides with abnormal stereochemistry associated with redox-
activity. Here we show through systematic analysis of Zinc finger structures
and sequences, that one of these motifs is extremely prevalent in Zinc fin-
gers. We show that in around 50% of Zinc finger structures two of the
Zn2þ-ligating thiols are embedded in a secondary structure similar to an
anti-parallel b-diagonal disulfide-like motif (aBDD), located on the b-hairpin
structure known as a Zinc knuckle. Formation of a disulfide by thiols of this
motif has recently been characterized in the molecular chaperone Hsp33 and
also demonstrated in several other transcription factors (2). Although other
forbidden disulfide motifs are occasionally present in Zinc fingers, none
are as ubiquitous as this aBDD-like motif. We show that the presence of
this motif and its position in the structure is characteristic of different types
of Zinc fingers, suggesting a functional relationship. As Zinc fingers com-
prise more than 17% of the human genome, this motif is likely important
in Zn2þ signalling.
1. Fan SW, George RA, Haworth NL, Feng LL, Liu JY, Wouters MA. Confor-
mational changes in redox pairs of protein structures. Prot. Sci. 18: 1745–1765,
2009.
2. Ilbert M, Horst J, Ahrens S, Winter J, Graf PCF, Lilie H, Jakob U. The redox-
switch domain of Hsp33 functions as dual stress sensor. Nat. Struct. Mol. Biol.
14: 556–563, 2007.
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Enzymatic Properties and Spectroscopic Studies of Photoresponsive
Lysozyme
Taeko Inada, Ayuri Kamei, Koichi Kikuchi.
Photochromic compounds such as azobenzene derivatives change their chem-
ical and physical properties reversibly with their structural change by photo
irradiation. This character may be useful for regulation of functions of bio-
materials, analysis of their reaction mechanism, and development of function
materials. Previously, we have reported that photoresponsive lysozymes were
modified with azobenzene derivatives at a position-specific residue (Lys33, or
Lys116) on hen egg white lysozyme, and their enzymatic properties were
reversibly modulated according to photoisomarization of azobenzene moiety.
In this study, hen egg white lysozyme was modified with 4-(phenylazo) an-
iline at Asp 87, which forms an amphiphilic helix with hydrophilic residues
directed toward the solvent. The enzyme reaction, and the fluorescence, tran-
sient absorption, and circular dichroism spectroscopies were studied to clarify
the photoregulation mechanism. In MALDI TOF mass analysis, azobenzene
moiety binds at Asp 87 through amide binding was revealed. The enzyme ki-
netics parameters of the modified lysozyme were modulated reversibly ac-
cording to isomerization of azobenzene moiety: the catalytic efficiency for
cell wall of Micrococcus lysodeikticus of trans form was more than tenfold
that of cis form. The binding constant with a substrate analogue (tri-N-acetyl-
D-glucosamine) was also reduced by isomerization from trans form to cis
form. Moreover the efficiency of energy transfer to Eosin Y modulated re-
versibly by photo irradiation; in absence of the substrate analogue, the effi-
ciency of trans form was higher than that of cis form, while in the
presence of the substrate analogue, this efficiency shows opposite behavior.
The fluorescence and circular dichroism spectroscopic studies suggest that
the modulation of enzymatic properties is mainly induced by a steric hin-
drance due to the conformational changes in the vicinity of modification
position.
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Quantification of Photosensitized Singlet Oxygen Production by a Fluores-
cent Protein
Xavier Raga`s, Laurie P. Cooper, John H. White, Santi Nonell,Cristina Flors.
Fluorescent proteins are increasingly becoming actuators, rather than just
sensors, in a range of cell biology techniques. One of those techniques is
chromophore-assisted laser inactivation (CALI), which is employed to spe-
cifically inactivate the function of target proteins or organelles by producing
photochemical damage [1]. CALI is achieved by the irradiation of dyes that
are able to produce reactive oxygen species (ROS). The combination of
Sunday, March 6, 2011 57aCALI and the labelling specificity that fluorescent proteins provide is very
useful to avoid uncontrolled photodamage. Indeed, fluorescent proteins
have been successfully used in CALI, although of the inactivation mecha-
nisms by ROS are dependent on the fluorescent protein used and are not
fully understood [2,3]. Here, we present a quantitative study of the ability
of TagRFP to produce ROS, in particular singlet oxygen. TagRFP is able
to photosensitize singlet oxygen with an estimated quantum yield of 0.004
[4]. This is the first estimation of a quantum yield of singlet oxygen produc-
tion value for a GFP-like protein. We also find that TagRFP has a short trip-
let lifetime, which reflects relatively high oxygen accessibility to the
chromophore compared to EGFP. Our results provide photophysical insight
that allows the understanding of the mechanism behind CALI. Moreover,
it has implications in improving photobleaching in fluorescent proteins.
[1] K. Jacobson, Z. Rajfur, E. Vitriol, K. Hahn, Trends Cell Biol.2008, 18, 443.
[2] M. A. McLean, Z. Rajfur, Z. Z. Chen, D. Humphrey, B. Yang, S. G. Sligar,
K. Jacobson, Anal. Chem. 2009, 81, 1755.
[3] M. E. Bulina et al, Nat .Biotechnol.2006, 24, 95..[4] X. Ragas, L. P. Cooper,
J. H. White, S. Nonell, C. Flors, submitted.
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Probing Local Protein Environments with the Infrared Probe: L-4-Nitro-
phenylalanine
Emily E. Smith, Barton Y. Linderman, Austin C. Luskin, Scott H. Brewer.
The genetic incorporation of unnatural amino acids (UAAs) with high effi-
ciency and fidelity is a powerful tool for the study of protein structure and
dynamics with site-specificity in a relatively non-intrusive manner. Here,
we illustrate the ability of L-4-nitrophenylalanine to serve as a sensitive IR
probe of local protein environments in the 247 residue superfolder green
fluorescent protein (sfGFP). Specifically, the nitro symmetric stretching
frequency of L-4-nitrophenylalanine was shown to be sensitive to both sol-
vents that mimic different protein environments and 15N isotopic labeling
of the three-atom nitro group of this UAA. 14NO2 and
15NO2 variants of
this UAA were incorporated utilizing an engineered aminoacyl-tRNA synthe-
tase/tRNA pair into a solvent exposed and a partially buried position in sfGFP
with high efficiency and fidelity. The combination of isotopic labeling and
difference FTIR spectroscopy permitted the nitro symmetric stretching fre-
quency of L-4-nitrophenylalanine to be experimentally measured at either
site in sfGFP. Additional spectroscopic results exploring the utility of other
isotopically labeled UAAs to probe local protein environments with site-spec-
ificity will also be presented.
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Investigations of Effects of Cooper Ion on the Allergenicity of b-Lactoglob-
ulin
Adeleh Divsalar, Sajedeh Ebrahim-Damavandi, Ali Akbar Saboury.
b-lactoglobulin (BLG), the most abundant whey protein in milk, governs the
overall process-induced aggregation and gelation of whey protein products.
BLG industrial application can be limited due to its high allergenicity. Here,
we attempt to obtain new views from inducing of aggregation and then reduc-
ing allergenicity of BLG upon interaction with cooper ions. The effect of Cuþ2
on the structure of BLG as the carrier model protein was investigated using UV-
Visible, fluorescence and circular dichroism (CD) spectroscopy instruments at
different temperatures of room and physiologic. Results of UV-Visible studies
represent that adding Cuþ2 to BLG solution caused increasing of turbidity in
the protein solution. It is noticeable that rate of increasing turbidity is higher
at upper temperature. Fluorescence studies revealed that Cuþ2 can quench
the intrinsic fluorescence emission of the protein at different temperatures.
The far-UV CD studies displayed that Cuþ2 cannot induce any changes
in the secondary structures of BLG at different temperatures. The results high-
light that copper ions affect the tertiary structure to change and induce slightly
open structure lead to formation of supramolecular aggregates in BLG. Also, it
seems that inducing of aggregation in BLG upon interaction with cooper ions
may be responsible for the disappearance of conformational epitopes or mask-
ing effect on the recognition of epitopesand consequently, which reduced aller-
genicity of BLG.
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Creating Peptoid Nanosheets by Buckling a Gibbs Monolayer
Babak Sanii, Romas Kudirka, Andrew Cho, Helen Tran, Li Tan,
Ron N. Zuckermann.
Peptoids are N-substituted glycine analogs of peptides that can be designed to
have comparable structures and functions as proteins but with much greaterbiological resiliency. We have designed
peptoids that self-assemble into planar
nano-materials as large as millimeters
long yet only 2.7nm thick[1], that can sur-
vive boiling temperatures, deep vacuums
and biological environments. They are
held together largely by coulombic and
aromatic interactions, however they aggre-
gate due largely to hydrophobic interactions. The peptoid nanosheets are the
product of irreversible buckling of a Gibbs monolayer formed at the air-water
interface.
Here we report on this mechanism of peptoid nanosheet formation and explain
the role of surface-area compression ratios on the macromolecular reaction
kinetics and theoretical yields. This robust assembly mechanism coupled
with atomic-resolution peptoid design enables free-floating planar platforms
for bio-functionalization and analysis.
[1] Free-floating ultrathin two-dimensional crystals from sequence-specific
peptoid polymers. Nature Materials 9, 454 (2010).
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Osmolytes Reduce the Interfacial Affinity of Proteins
Claus Czeslik, Florian Evers.
Osmolytes are substances that affect osmosis and are used by cells to adapt to
environmental stress. Here, we present a neutron reflectivity study on the
effect of various osmolytes on the structure of protein adsorbates at solid-wa-
ter interfaces. Ribonuclease A (RNase A) and bovine insulin were used as
model proteins adsorbing at a hydrophilic silica and a hydrophobic polysty-
rene planar surface. From the data, neutron scattering length densities were ex-
tracted revealing the thickness, volume fraction and roughness of the protein
adsorbates in the absence and the presence of urea, trehalose, sucrose, and
glycerol. All data point to a clear effect of these osmolytes on the degree of
protein adsorption. For example, 1 M trehalose leads to a reduction of the
adsorbed amount of RNase A to 72 % on a silica surface and to 36 % on
a polystyrene surface. The non-protecting osmolyte urea (2 M) suppresses
RNase A adsorption to 76 % and 64 %, respectively. Sucrose was found to
be of similar activity as trehalose. The changes in adsorbed protein mass
can be attributed to a lower volume fraction of the protein in the adsorbate
layers. Apparently, the osmolytes under study help to reduce the non-specific
adsorption of proteins at interfaces.
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Nucleic Acid Stability in Glycine Betaine Solutions: Correlating Small
Molecule Interactions with Nucleic Acid Surfaces
Jeffrey J. Schwinefus, Elliot Schmidt, James Kohler, Alexandra Thomas.
This work seeks to elucidate the mechanism of glycine betaine destabilization
of DNA and RNA secondary structures to enhance our understanding of the
physical chemistry of folded nucleic acids. Vapor pressure osmometry was
used to quantify glycine betaine exclusion from nucleoside 50-monophosphates
(50-NMPs). The majority of the exclusion was attributed to glycine betaine ex-
clusion from anionic oxygens on the phosphate group and aliphatic carbons
and oxygens on the sugar group. Glycine betaine was proposed to accumulate
at the nucleobases with the greatest accumulation around guanine. Thermal de-
naturation transition temperatures of GC-rich DNA and RNA duplexes de-
crease to a greater extent with increasing glycine betaine concentration than
AT- (adenine-thymine) and AU- (adenine-uracil) rich double helices. We pro-
pose favorable interactions between glycine betaine and amino groups exposed
during unfolding account for the greater destabilization of GC-rich DNA and
RNA.
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Separation of Preferential Interaction and Crowding Effects on DNA
Hairpin and Duplex Formation
D.B. Knowles, N.F. Deines, A. Lacroix, M. Thomas Record.
Solutes affect protein and nucleic acid processes as a consequence of their
competition with water for biopolymer surfaces that become exposed (or bur-
ied) in the process (‘‘preferential interactions’’) and through their ability to oc-
cupy space and reduce the available volume of the solution (‘‘crowding’’).
Here we develop a quantitative analysis of the molecular weight dependence
both preferential interaction and crowding effects of flexible coil polymers,
with the capability of interpreting or predicting effects of any flexible coil
polymer on any biopolymer process. We report dependences of free energies
of DNA hairpin helix unfolding and duplex dissociation on PEG concentration
